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Hydraulic 14 DEC 2005 

The invention relates to a hydraulic circuit for controlling a system comprised of a 
clutch and a brake according to the preamble of the independent claim. 

Such systems comprised of a clutch and a brake either have individual clutches and 
individual brakes or they are known in the form of a clutch/brake combination. For 
this reason, the clutch/brake combinations dealt with in the following also 
encompass all systems acting in the same way and being comprised of a clutch and 
a brake, since the invention is suitable for both embodiments. 

Such hydraulic circuits serve for connecting mechanical presses either to a drive or 
for holding them by means of a brake in a standstill position, wherein the 
mechanical presses are used, for example, for producing carbody parts. 

Since in this connection masses weighing tons are to be accelerated or to be a 
decelerated, the applicable safety standards require that in the case of power 
outage the braking function must cause standstill, if possible, within the range of a 
few hundredth of a second, while, on the other hand, correspondingly rapid 
engagement times for the clutch are to be realized when the press operation is to 
be started up again. 

This requirement is to be viewed in connection with the transfer of the workpieces 
into the press so that very short stop times or acceleration times are desired. 

However, these time periods cannot become arbitrarily short because this would 
lead to very high accelerations acting on the clutch and the brake and, as a result 
of this, on the entire drive strand of the machine so that the drive would be exposed 
to unacceptably high stress loads. 
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Despite of this, it is an object of the present invention to shorten the acceleration 
and stop times of such presses to such an extent that an increased loading of the 
drive is prevented. 

The invention solves this object with the features according to the independent 
clainn. 

The invention has the advantage that the acceleration or stopping times of the 
clutch or the brake can be designed in the sense of a controllable load of the drive 
while at the same time the so-called delay time that is required for switching the 
clutch/brake combination from the coupling position into the braking position and 
vice versa is shortened. 

The invention proposes only to transfer the clutch/brake combination faster between 
the coupling and braking positions while at the same time the time periods for 
generating the coupling moment or the brake moment remain unaffected by the 
increased transfer speed. 

This advantage is achieved in that the volume of hydraulic oil that is required for the 
travel distance of the clutch/brake combination is determined by a metering piston 
unit that is active for the transfer of the clutch/brake combination into the clutch 
position as well as for the movement into the braking position. This is achieved in 
that the metering piston unit is connected by a bidirectionally passable hydraulic 
connection to the clutch/brake combination. In this way, the required quantity of 
metering volume that is needed for transfer of the clutch/brake combination within 
the delay time, respectively, can be used for both transfer directions so that 
subsequently the torque generation at the clutch or the brake can be realized by 
means of a' conventional press safety valve. 

The principal idea of the invention resides therefore in that the idle time for transfer 
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of the clutch/brake combination from the coupling position into the braking position 
and vice versa is reduced and, subsequently, by a conventional press safety valve, 
the friction partners are moved into the required frictional engagement position. 

When it is taken into consideration in this connection that for safety reasons the 
brake is always subjected to a mechanical spring load in such hydraulic circuits, so 
that, even when the hydraulic pressure fails, the mechanical press can be safely 
stopped, the return metering of the metered volume upon transfer of the 
piston/cylinder unit from the coupling position into the braking position is realized in 
a passive way while in the reverse direction it is realized actively by the metering 
piston unit so that the required filling of the piston/cylinder unit is highly precise and 
enabled in a range of a few milliseconds. 

A further embodiment of the invention provides that the bidirectionally passable 
hydraulic line for filling and relieving the piston cylinder unit is to be provided with 
a greater nominal diameter in comparison to the discharge line of the press safety 
valve so that a flow resistance as small as possible results during transfer of the 
clutch/brake combination between the two end positions. 

This measure is also beneficial for a reduction of the delay time without affecting the 
acceleration values of the drive. 

A further advantage of the invention resides in that high pressure peaks are 
prevented because there are no pressure peaks associated with the back and forth 
movement of the metering volume between the metering piston unit and the 
piston/cylinder unit. 

The bidirectionally passable hydraulic connection is therefore a hydraulic conduit 
that, upon transfer of the clutch/brake combination into the coupling position, is 
passed in one direction and, upon transfer into the braking position, is passed in the 
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other direction, wherein at all times the required metering volume needed for the 
transfer flows back and forth. 

For this reason it is expedient to design the bidirectional hydraulic connection to be 
free as much as possible of any narrow passages, bends or the like as a straight 
connection. 

In this connection, the metering piston unit enables dimensioning of the metering 
volume with such a precision that, when reaching the respective metering volume, 
torque generation at the clutch or the brake is just not yet realized. 

In this way, load peaks on the drive are reliably prevented because a sudden 
frictional contact between the friction partners of the clutch and the brake does not 
occur. 

The coupling movement from the termination of supply of the metering volume to 
the complete frictional contact is realized by a conventional press safety valve. 

The braking connection from the termination of returning the metering volume until 
reaching complete frictional connection is done conventionally by means of the 
pressure springs; optionally, as in the case of the clutch, an active control can be 
provided. 

Expediently, the metering volume is determined at the metering unit within a transfer 
travel that is not determined by mechanical stops. This measure has the advantage 
thatany mechanical wear on the metering piston unit is prevented. In the end areas 
of the metering stroke, a clearly defined acceleration or deceleration is obtained in 
this way. 

In order to be able to easily adjust the metering volume to the differently sized 
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cylinder volume of clutch/brake combinations, the limited stroke of the metering 
piston unit can be adjusted from the exterior. 

This can be realized by a manually actuatable adjusting spindle or an electronically 
controllable motor. 

In a preferred embodiment, the metering piston unit is provided with a main control 
circuit that is connected directly to the pump line while a hydraulic pilot control is 
present parallel to the main control circuit. 

For this purpose, it is proposed that the main control circuit is provided with a 
greater nominal diameter than the pilot control circuit. In this way, the flow 
resistance in the main control circuit is smaller than in the pilot control circuit. Since 
the metering piston unit acts bidirectionally, the main control circuit will be provided 
with greater nominal diameters in the supply line as well as in the discharge line in 
order to enable fast supply and fast discharge. 

Additionally, a positional control can be realized in order to take into consideration 
fluid-technological parameters such as temperature and viscosity that change 
during a working day so that the short delay time in accordance with the present 
invention can be complied with under all operating parameters. 

In addition, a leakage compensation valve can be provided that refills the metering 
side of the metering piston unit in the case of an inner leakage so that the metering 
volume to be supplied can be maintained constant at all times. 

As a result of the time that is saved according to the invention, for avoiding hydraulic 
peaks in the line system, the metering piston unit can be hydraulically dampened 
when approaching the end positions without this causing a significant time loss. 
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The saved time also enables that, for avoiding suddenly increasing braking 
monaents and coupling moments that are to be expected within those times when 
the frictional contact is realized at the brake or the clutch, a pressure reducing valve 
can be provided, respectively, so that despite shortened delay time the loads acting 
on the drive are even reduced. 

In the following, the invention will be explained in the form of embodiments in more 
detail. It is shown in: 

Fig. 1 a first embodiment of the invention, 

Fig. 2 the schematically illustrated press safety valve of Fig. 1 with further 
details; and 

Fig. 3 braking time, delay time, acceleration time in a diagram. 

If nothing else is indicated in the following, the following description applies to all 
Figures. 

The Figures show a hydraulic circuit 1 for controlling a clutch/brake combination 2. 
The clutch/brake combination 2 has a clutch 3 and a brake 4. It is mounted in the 
main drive 5 of a mechanical press (not shown). The clutch/brake combination 2 
is movable by a piston/cylinder unit 6 between a coupling position 7 and a braking 
position 8. This is realized by a hydraulic control of the piston/cylinder unit 6 by 
means of the press safety valve 9 that is illustrated only schematically in Fig. 1. 

For this purpose, the pressure line 10 is provided that receives the hydraulic 
medium conveyed by the pump 40 through the press safety valve 9. 

When the piston/cylinder unit 6 is loaded with hydraulic liquid, the clutch 3 moves 
into the engaged position 11. In order to do so, it must travel the distance X until 
it reaches the still torque-free end position 17. 
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In this torque-free end position 17 there is still no frictional contact yet between the 
two coupling partners. 

In the opposite direction, the piston/cylinder unit 6 is loaded at all times by the 
pressure springs 12 as soon as the press safety valve 9 has been switched 
accordingly. Here, the brake also reaches first a torque-free end position 18 before 
it is moved by the pressure springs 12 into a frictional contact with the stationary 
machine frame in its braking position 8. 

The displacement of the clutch/brake combination between the torque-free end 
positions 17 and 18 is to be realized by the metering piston unit 13. 

For this purpose, the metering piston unit 13 is connected by a bidirectionally 
passable hydraulic connection 14 to the piston/cylinder unit 6. 

It is schematically shown that the nominal diameter 15 of the bidirectionally 
passable hydraulic connection 14 is greater than the nominal diameter 16 of the 
discharge line 10 of the press safety valve 9 to the piston/cylinder unit 6. 

In this way, for the same pressure larger volume flows can be transported by the 
metering piston unit within the same time window to the piston/cylinder unit 6 and 
vice versa; this is not necessary for the transfer of the clutch/brake combination 
between the torque-free end positions 17 and 18 and the corresponding end 
positions 7 and 8 so that the nominal diameter 16 of the pressure line 10 that is 
loaded by the press safety valve 9 can be correspondingly smaller. 

Expediently, the bidjrectionally_.passable hydraulic^ connection, is free of any 
mounted inserts that would make the flow cross-section narrow or would impair flow. 
For this purpose, it is proposed to employ, if possible, a straight line connection that 
connects the metering chamber of the metering piston unit 13 to the hydraulic 
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chamber of the piston/cylinder 6. 

In addition, the metered oil volume is selected such that upon reaching the 
respective torque-free end positions 17, 18 of the clutch/brake combination there 
is not yet any frictional contact for torque generation at clutch 3 or brake 4. 

In this connection, Fig. 3 illustrates schematically a time diagram within which the 
delay time between the torque-free end positions 17 and 18 is determined. It is 
shown that the torque-free end positions 17 and 18 practically do not allow any 
frictional contact yet between the friction partners of the clutch 3 and the brake 4, 
respectively. 

Within the subsequent transfer of the clutch 3 or the brake 4 into the coupling 
position 7 or braking position 8, the respective frictional contact is generated and 
completed until a positive connection (frictional connection) is established. 

The metering piston unit 13 operates purely by volume control so that no 
mechanical end stops for the respective stroke limitation are required. 

In the present case, the metering piston unit 1 3 has an adjusting device 1 9 on which 
the limited stroke can be adjusted from the exterior. 

The adjustment can be realized manually or, as illustrated in dashed lines, by an 
adjusting motor 20. Preferably, an electronically controlled step motor is provided. 

Moreover, the metering piston unit 13 has a control device 21 that is a position 
controller in order to control, in accordance with the preset nominal metering 
volume, possible deviations'of the metering volume tffat are caused by changing 
fluid-technological parameters. 
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In addition, the nnetering piston unit 13 is connected to a supply line of the main 
control circuit 22 and is hydraulically pilot-controlled 23 parallel to the main control 
circuit 22. In this connection, the nominal diameter 24 of the main control circuit 22 
and also of the discharge line 25 of the main control circuit 22 is greater than the 
nominal diameter 26 of the pilot circuit 23. 

For compensating inner leakages, the leakage compensation valve 27 is provided 
that is connected with one side to the metering chamber of the metering piston unit 
13 and with the other side to the pump 40. 

The metering piston unit can be designed to be hydraulically dampened when 
approaching the end position. For this purpose, the metering piston unit, together 
with the controller 21 , configured as a control valve, and the nominal value that is 
predetermined by the position of the adjusting device 19, provides a hydro- 
mechanical position control circuit. The P-control system passes by means of an 
exponential equation into the end position of the stroke that is predetermined by the 
adjusting device. 

In addition, for reducing suddenly increasing braking and coupling moments 
pressure reducing valves 28 for the clutch or 29 for the brake can be provided. 
They are overpressure valves that are loadable in the opening direction by the 
respective pressure at the piston cylinder unit 6 and, as needed, are loaded in the 
closing direction by the pump pressure. 

By reducing the suddenly increasing braking and coupling moments, these valves 
28, 29 are loaded in the opening direction by the pressure of the piston/cylinder unit 
6 and thus- reduce sudden- pressure increases of- the piston/cylinder unit 6 - 
accordingly. 

In addition, Fig. 2 shows a press safety valve 9 that is comprised of two redundant 
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directional control valves 33, 34 that are hydraulically pilot-controlled. 

The pilot control valves 31, 32 control the line pressure in accordance with their 
respective position toward the hydraulically pilot-controlled brake or clutch valves 
33, 34 so that the brake or clutch pads positioned in the torque-free end positions 
17 or 18 can be transferred into their braking position 8 or coupling position 7. 

In this connection, the clutch 3 and the brake 4 are always in precisely defined end 
positions 7 or 8. The nnovennent is realized therefore fronn the braking position 8 
into the coupling position 7 and vice versa. Only a relatively small stroke 17c7 or 
18c8 is required for moving from the torque-free end positions 17 or 18 into the 
coupling position 7 or braking position 8. This stroke is small in comparison to the 
stroke between the torque-free end positions 17c18 or 18c17 and can be 
considered separately because of the metering unit being employed for both 
directions. In this way, there is the possibility of controlling the accelerations or 
decelerations by means of hydraulic control through the press safety valve 19 in 
accordance with permissible loads of the machine while still realizing a time- 
optimized transfer from 8 to 17 or 7 to 18. These movements, thanks to the 
bidirectionally acting metering piston unit 13. are reproducible in both directions and 
are realized by defined accelerations or decelerations. 

It is understood that when using a system of separate clutch and separate brake, 
the above explanations are to be employed accordingly wherein also two separate 
metering units with the same function can be employed in accordance with the 
present invention. 

As an alternative to a separate bidirectionally passable hydraulic connection 14 to 
the piston/cylinder unit 6, the metering volume can flow at least partially through the 
discharge line 10 of the press safety valve 9 to the piston/cylinder unit 6. 
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List of Reference Numerals 





1 


hydraulic circuit 




2 


system comprised of clutch and brake 




3 


clutch 


5 


4 


brake 




5 


main drive 




6 


piston/cylinder unit 




7 


coupling position 




8 


braking position 


10 


9 


press safety valve 




10 


pressure line, discharge line of 9, pump line 




11 


engaging direction 




12 


pressure spring 




13 


metering piston unit 


15 


14 


bidirectionally passable hydraulic connection 




15 


nominal diameter of 14 




16 


nominal diameter of 10 




17 


torque-free end position of 7 




18 


torque-free end position of 8 


20 


19 


adjusting device 




20 


adjusting motor 




21 


controller 




22 


main control circuit, supply 




23 


pilot control circuit 


25 


24 


nominal diameter of 22 or 25 




-25 


main control circuit, discharge- 




26 


nominal diameter of 23 




27 


leakage compensation valve 




28 


pressure reducing valve for 3 



- 11 - 



LitTRLof PCT/EP04/05858 - Filing Date:5/29/2004 • lnventor(s): Kuttruf et al. - Assignee: Ortlinghaus-Werl<e GmbH 



29 pressure reducing valve for 4 

30 control line for pressure reducing valve of 3 

31 pilot control valve 

32 pilot control valve 

5 33 hydrauiicaily pilot-controlled brake valve 

34 hydrauiicaily pilot-controlled clutch valve 

40 pump 

X travel distance within the delay time 

Xb travel distance within the bral<ing time 

10 Xk travel distance within the acceleration time 
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